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Although our knowledge of cellular metabolism has rapidly expanded in recent years,
much of this information has been obtained from intensive studies on a relatively small
group of mammalian tissues, bacteria and yeast. Due to the complexity of the mechanisms
of cellular oxidation, much of this information cannot be transposed to other organisms.
There are many gaps in our knowledge of the metabolism and nutritional requirements of
the pathogenic fungi. Niekerson (1) has pointed out this need for metabolic studies and
has suggested that studies on the inhibition of the fungus respirntion may be very fruitful
in the searcb for more active chemotherapeutic agents. Such studies would offer a direct
approach to the effect of fungicidal agents. In 1946, Nickerson and Chadwick (2, 3) studied
the oxygen consumption of three species of dermntophytes: E. fiorcosum, T. gypsum, and
T. rubrum, using a volumetric microspirometer. The purpose of the present investigation
was to extend these data by a study of the effect of various agents on the oxygen uptake
of Microsporum canis (M. Lan.osum).
A number of methods have been used in preparing tissues for studying cell metabolism
(4). The tissue slice technic is frequently used in the study of animal tissue. These slices
represent organized surviving tissue, the metabolism of which qualitatively if not quanti-
tatively reflects that of the original tissue. Other technics have also been used for animal
tissue. Mincing or homogenizing reduces the tissue particles to a size small enough to allow
adequate diffusion of the suspending media and substrates. This technic, however, has the
disadvantage of containing a high percentage of damaged cells. Cell free enzymes of bac-
teria prepared by grinding the bacteria or with nutolysis and lysis by various agents, such
as digestion, freezing, thawing or drying have been used, but these also result in complete
destruction of the cellular structure.
Mycelial phases of fungi pose a problem similar to animal tissues since satisfactory
preparations are difficult to make. A number of technies have been used, but these have
disadvantages. Nickerson and Chadwick (2) used circular punches of a myeelial mat grown
on agar, but this had the disadvantage of poor diffusion of the substrate through the thick
mat of fungus and agar. Also with this technic, it is difficult to separate the mycelium from
the agar which contained nitrogen, carbon and growth factors to study these factors sepa-
rately. Another method used was described by Wiggert, Silverman, Utter and Werkman
(5). These investigators used a powdered glass method in which the cells were mneerated
by adding powdered glass and grinding in a mortar and pestle. The cells were recovered by
supercentrifugation. A modification of this method was described by Semeniuk (6) who
ground mycelial cultures of Cheetoninm funicole in a mortar with sterile sea sand and
pestle. Studies made using this technic with Microsporum eanis were unsatisfactory,
because no oxygen uptake occurred. Savage and Vander Brook (7) described the homoge-
nate technic, in which he homogenized his cultures in a "Waring" blender. This resulted
in an even suspension of mycelial fragments. When this technic was used on cultures of
Mierosporum canis, the oxygen uptake was too low to be significant.
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Kruyver and Perquin (8) employed a method of growing Aspergillus flavus in broth by
continuous shaking. This method has since been employed in numerous studies of fungus
metabolism. Wyss, Ludwig and Joyner (9) have previously grown certain pathogenic fungi,
namely, Trichophyton interdigitale, Trichophytnn purpureum, Trichophyton violaceum,
Microsporum audouini and Cryptococcus neoformans by this shake culture method. This
technic of shake culturing was tried with Microsporum canis and was found to be satis-
factory. This was done with the knowledge that the metabolism of the organism grown sub-
merged may be different from that grown on the surface, because Microsporum canis failed
to produce maeroconidium when grown submerged in liquid media.
METHOD
The original culture of Microsporum canis was obtained from a clinical case of tinea
capitis. The strain was known to have infected either the scalp or body of nine individuals,
including the intern who took the culture. The initial isolation was made on Sabourand's
agar slants. All studies were made on this single strain.
Stock cultures were maintained and grown with continuous agitation in 50 ml. of Sa-
bouraud's broth placed in 250 m. Erlenmeyer flasks. These flasks were shaken continuously
by a Burrell "wrist action" shaker, which produced 175 excursions per minute. These
stock cultures were transferred every one to two weeks. The cultures were homogenated
between each transfer.
Cultures to be used for metabolic studies were prepared in the following manner: A
stock culture grown in broth was homogenized in a "Waring" blender with a 250 ml. semi-
micro cup for one minute. This blender operated at approximately 10,000 revolutions per
minute. Tea ml. of this homogenized culture was then placed into a 250 ml. Erlenmeyer
flask containing 50 ml. of Sabouraud's broth. This homogenized culture was used to thor-
oughly "seed" the media. The size of the mycelial particles grown were dependent upon the
amount of the homogenated culture added. Wbcn smaller amounts than 10 ml. were used,
very large pellets were formed, which were unsatisfactory because they allowed poor diffu-
sion of the substrate and gave inconsistent results. The flask containing the inoculated
media was then again placed in the Burrell "wrist action" shaker and shaken at 175 excur-
sions per minute. The time of growth allowed between innoculation and the metabolic
studies varied from four to fourteen days. In this time, a thick "slush" of pellets and
loose strands of mycelia appeared.
It was necessary to starve the cultures for sugar studies and the "slush" of mycelia was
separated from the media by filtering through a sterile gooch crucible and the culture was
then resuspended in sterile normal saline and again shaken for the period of starvation.
It was found that the size of the particles was important in obtaining consistent results.
Immediately before the microrespirometer determination, the broth cultures were poured
into Petri's dishes and diluted with 0.05 M. sodium phosphate buffer (pH 6). Particles which
were larger than 2 mm. in diameter were either broken up or removed by forceps. The cul-
ture of these small particles was then filtered through a Gooch thimble to remove the
suspending media. It was washed with 25 ml. of the phosphate buffer and resuspended in
25 ml. of the buffer. A special pipette was made by cutting off the end of a 2 ml. pipette
to measure this resuspended material into the "Warburg" vessels. The measurement of
oxygen uptake was carried out by use of the standard Warburg microrcspirometer technic.
(10).
The total volume of the solution in the Warburg flask in this study was maintained at
2 ml. 1.6 ml. of the resuspended culture in phosphate buffer was pipetted into each micro-
rcspirometer vessel. Solutions of substrates and sufficient buffer to bring the total volume
to 2 ml. was added. Readings of the manometers were made at half hour intervals. Control
oxygen uptakes were obtained by adding 1.6 ml. of the resuspended culture to the Warburg
flask with 0.4 ml. of buffer without substrates. Readings on the control manometers were
made at the same time as the manometers of flask containing substrates. Studies were
done in duplicate or triplicate. The temperature of the water bath was maintained at
37.5° centigrade.
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To identify cultures during the investigation, pieces of mycelium from the broth culture
were inoculated on an autoclaved rice media (8 grams of polished rice in 25 ml. of distilled
water) (11). Characteristic macroconidium appeared in abundance. When mycelium from
the broth cultures were transferred to Sabouraud's agar, typical macroconidium did not
appear consistently on first transfer.
RESULTS
Sodium Cyanide: The oxygen uptake of shaker cultures of Microsporum canis
was inhibited by the presence of sodium cyanide. In the presence of 0.1 mg.
(0.OO1M) & 0.4 mg. (0.004M), inhibitions of 65% and 75% respectively on 5 to
7 day old cultures occurred. An inhibition of 34% was produced by the presence
of 0.4 mg. (0.004M) sodium cyanide using 14 day old cultures. Thus sodium
cyanide had a variable effect on the oxygen uptake, the inhibition varying with
the age of the culture used. On the basis of enzymatic studies, it would appear
that the main path of oxidation in these organisms goes through the cytochrome
oxidase system.
2,4, Dinitrophenol: 2,4, Dinitrophenol had a stimulative effect on the respira-
tion of shaker cultures of Microsporum canis in a concentration of 0.1 mg.
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(0.0003M). The average increase in the oxygen uptake was 27% with cultures
5 to 7 days old. It would appear that Dinitrophenol acts on fungi as it does on
bacteria and mammalian cells.
FaUy Acids and Their Salts: Undecylenic acid inhibited the oxygen uptake
96% in a concentration of 2 mg. (0.0054M) using cultures 6 to 8 days old. Four
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mg. (0.0227M) of butyric acid produced a 46% inhibition of the oxygen uptake
in cultures 8 to 10 days old. Four mg. (0.027M) of propionic acid produced a
32% inhibition of the oxygen uptake of 6 to 8 day old cultures. Oleic acid in a
concentration of 4 mg. (0.0071M) produced an 11% increase in the oxygen up-
take using cultures 8 to 10 days old.
EFFECT OF 20 MC. SODIUM SALICYLATE
p1-16 CULTURE II DAYS OLD 37.5C
EFFECT OF 4.0 MG. BUTYRIC ACID
pI16 CULTURE 7 DAYS OLD 37.5CC
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Other Drngs: Phenanthraquinone-9 ,1O, ferric dimethyldithiocarbamate, zinc
undecylenate and salicylanilid could not be studied satisfactorily by the Warhurg
microrespirometer technique due to their insolubility. Disodium ethylene hisdi-
thiocarbamate inhibited the oxygen uptake 46% in a concentration of 0.4 mg.
(0.008M). Sodium salicylate in a concentration of 2 mg. (0.0062M) produced an
increase in the control oxygen uptake of 38% in 6 to 11 day old cultures. Para-
amino salicylic acid in a concentration of 2 mg. (0.0065M) produced an inhibition
of 67% in 5 day old cultures. These results with sodium salicylate and para-
amino salicylic acid are similar to those obtained with virulent tubercle bacilli.
Carbohydrate.s: Dextrose produced a definite stimulation of the oxygen uptake
of Microsporum canis cultures which had been previously starved. Wolf and
Shoup (12) found it necessary to use "starved" cultures of the water mold,
Allomyces, to obtain increased oxygen uptake when carbohydrate substrates
were added to respiring buffer suspensions. Unstarved cultures of Microsporum
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canis showed little or no effect. With increasing starvation period from one to
six days, there was an increase in the oxygen uptake when dextrose was added.
Cultures eight to eleven days old which had been starved two to three days
showed an increase of 23% above the control oxygen uptake when in the presence
of 2 mg. (0.0056M) Dextrose. When the culture was starved four to six days,
the increase rose to 60% or more. Sodium pyruvate did not produce any signifi-
cate change when used in a concentration of 2mg. (0.0091M). Trehelose produced
a 25% increase when used in a concentration of 2 mg. (0.0026M) on cultures
eleven to twelve days old.
Respiratory Quotient: The respiratory quotient of cultures of Microsporum
canis four to seven days old was 1.0. Older cultures eleven to fifteen days old
which had been starved three days showed a respiratory quotient of 0.87. Ap-
parently, carbohydrate is burned preferentially by the normal cell and the results
with added dextrose indicate that it is the sugar most readily utilized. It is only
when the carbohydrate store is depleted by starvation that other substances
are oxidized as indicated by the lower respiratory quotient.
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Substances Inhibiting Oxygen Uptake
Microsporum Canis Shake Broth Cultures
SUBSTANCE ANOUNT MGLABLSY AGE CULTURE
days
5—7
5—7
14
6—8
8—10
6—8
6
5
65
75
34
96
46
32
46
67
Sodium Cyanide
Undecylenic acid
Butyric acid
Propionic acid
Disodium ethylene bis-dithiocarbamate
Para-amino salicylic acid
mg.
0.1
0.4
0.4
2.0
4.0
4.0
0.4
2.0
0.OO1M
0.004M
0.004M
0.0054M
0.0227M
0.0270M
0.008M
0.0065M
Sub.stanees Stimulating Oxygen Uptake
Microsporum canis Shake Broth Culture
SUBSTANCE ASSGUNT MOLASITY AG CULTURE
2,4, Dinitrophenol
Oleic acid
Sodium salicylate
Dextrose, starved 2—3 days
Dextrose, starved 4—6 days
Trehelose, starved 3—4 days
mg.
0.1
4.0
2.0
2.0
2.0
2.0
0.0003M
0.0071M
0.0062M
0.0056M
0.0056M
0.002GM
days
5—7
8—10
5
8—11
8—11
11—12
27
11
38
23
60
25
DISCUSSION
The purpose of this present study was to find a more satisfactory method for
study of the effects of substrates and drugs on the metabolism of mycelial
cultures, and to obtain data on the metabolism of another pathogenic fungus.
It was also a further exploration into the possibilities of respiratory studies as a
method of bio-assay of fungistatic and fungicidal compounds as proposed by
Nickerson (1). Complete evaluation of the significance of this data will not be
possible until more information on related pathogenic fungi is obtained. Such
information may be of great value in gaining a better understanding of the
metabolic processes of the organism producing fungus diseases and in opening
new pathways to their control.
Only a small segment of the many compounds advocated for this organism
was studied. The use of fatty acids and their salts was introduced by Peck and
Rosenfeld (13). Subsequent laboratory and clinical studies by Peck and his
associates, Keeney, Rothman, Hoskins and collaborators, Sulzberger and col-
laborators and others have been confirmatory of the effectiveness of these com-
pounds.
Kligman and Rosenzweig (14) on the basis of their studies have suggested the
use of the following compounds as promising for clinical trial in the treatment
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of superficial mycoses: Disodium ethylene bisdithio carbamate, calcium dimethyl
dithiocarbamate, ferric dimethyl dithiocarbamate and phenanthraquinone-W-10.
Due to the solubility factor, only the first of these could be studied satisfactorily.
Bernheim (15) observed that the oxygen uptake of the tubercie bacillus was
markedly increased by salicylic acid and henzoic acid and concluded that these
acids were oxidized as metabolites and that similar chemical configurations
possibly play a role in the metabolism of the bacillus. Lehmann (16) on the
basis of these observations investigated more than fifty derivatives of benzoic
acid with the purpose of finding a substance possessing bacteriostatic properties
against the tubercle bacillus. The most active substance among the group was
para-amino salicylic acid.
In the present work evidence is presented that this compound has not only
bacteriostatic affects but also interferes with the respiration of Microsporum
canis.
SUMMARY
1. A method for respiratory studies of mycelial shake cultures of a pathogenic
fungus by the Warburg microrespirometer technique is presented.
2. The effect of various agents on the oxygen uptake of Microsporum canis
was studied.
3. The oxygen uptake of the cultures was inhibited by sodium cyanide. This
would indicate that the main path of oxidation in this organism is through the
cytochrome oxidase system.
4.2,4, dinitrophenol has a stimulative effect on the respiration of the organism
studied.
5. Tindecylenic acid, butyric acid, propionic acid, disodium, ethylene bis
dithiocarbamate and para-amino salicylic acid inhibited respiration. Oleic acid,
sodium salicylate, and dextrose stimulated respiration.
6. The respiratory quotient of young cultures of Microsporum canis was 1.0.
Older "starved" cultures had a lower respiratory quotient indicating the utiliza-
tion of other substances after the carbohydrate source is depleted.
The author wishes to express his sincere appreciation to Frederick Bernheim,
Ph.D., Norman F. Conant, Ph.D., J. Lamar Callaway, M.D., Frederick T.
Wolf, Ph.D., and Stephen Rothman, M.D., Ph.D., whose advice, criticism and
facilities made this study possible.
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DISCUSSION
DR. KLIGMAN: There is one point I would like to have clarified: does the sub-
stance inhibiting oxygen uptake have a biophysical action? So that actually
it is necessary to do a series of determinations using various concentrations; If
one selects a single concentration, is it possible that one may have other results?
DR. STEPHEN ROTHMAN: Dr. Melton was kind enough to show me his manu-
script in advance and asked me to discuss it. The only criticism I can make is
this: the author did not compare the basal metabolism of starving and non-
starving cultures, and therefore, their different behavior towards added sub-
strates is difficult to interpret. In any case, this starvation phenomenon is very
remarkable and novel. It appears that a certain amount of carbohydrates must
he present in the nutrient medium to ascertain normal metabolism. If a culture
has been damaged by withdrawal of carbohydrates, it will burn its own proteins
although its ability to assimilate carbohydrates has been rather increased.
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DR. THOMAS B. FITZPATRICK: I enjoyed Dr. Melton's presentation very much.
A systematic study of the metabolism of the pathogenic fungi, using methods
such as outlined in this paper, may provide us with new therapeutic agents which
exert their effects by specific inhibition of the respiration of fungi. As an example
of this type of approach, Ulrich and I have recently demonstrated the effect of
a metabolic antagonist of thiamine, pyrithiamine, on the growth of Microsporum
audouini. In as low a concentration as 2 micrograms of pyrithiamine per ml. in
the medium, there is complete inhibition of the growth of M. audouini. Pyri-
thiamine therefore possesses a much greater in vitro fungistatic action against
M. audouini than any previously reported compound.
The inhibitory effects of pyrithiamine on the growth of M. audouini can be
reversed by sufficient concentrations of thiamine, the antagonism between the
two compounds being competitive. Clinical trial of pyrithiamine in patients
with tinea capitis caused by M. audouini is being carried out at the present time.
DR. THEODORE CORNBLEET: Methods for screening bactericides and fungicides
are often imperfect and objectionable. It would seem that the procedure Dr.
Melton described might be useful for such screening purposes.
DR. MELTON: (Closing discussion) We have not used paraaminohenzoic acid
in these experiments.
Dr. Kligman has brought up a very interesting point. We found that with
increasing concentrations of dinitrophenol you get an increase in the amount of
oxygen uptake—up to a certain point; then it would become toxic and inhibit
the oxygen uptake.
In answer to Dr. Rothman, there is one weak point in the technic: comparisons
cannot be made in different days because a satisfactory method for standardizing
the amount of fungus used is needed. Measurements using Hopkins tubes were
not satisfactory because the fungus would not settle into the constricted end of
the tube when centrifuged.
